'Surrey' ryegrass ( Lolium multiflorum Lam.) has produced well in clipping yield trials across Louisiana, but yield trials do not always predict how well the forage supports performance under grazing conditions. This trial compared Surrey ryegrass with 'Marshall' ryegrass grazed continuously or rotationally. Two pastures of Surrey and two pastures of Marshall that had been subdivided into six paddocks each were used in 2 yr. Yearling steers grazed the pastures. In the 1st yr, pastures within a cultivar were either continuously or rotationally grazed. Thus, animal performance on the rotationally grazed treatments was unreplicated and the data were not included in the statistical analysis. In the 2nd yr, each pasture contained both continuous and rotational groups of cattle. Cattle gains for the two cultivars were not different in either yr 1 ( P > .26) or yr 2 ( P >.17). In yr 2, continuous grazing allowed for greater individual animal gains ( P = .03) than rotational grazing. However, the lower stocking rate of continuously grazed paddocks resulted in a decreased pasture gain ( P = .001) of 301 compared with 403 kg/ha for the rotationally grazed paddocks. Forage quality was not different between Surrey and Marshall ryegrass, but there was a tendency ( P = .12) for Surrey to have less forage mass during yr 1. Overall, continuously grazed paddocks had lower CP and NDF and higher in vitro true digestibility than rotationally grazed paddocks. Surrey was equivalent to Marshall ryegrass in animal performance and quality, and continuous grazing provided higher individual animal performance but lower performance on a gain per hectare basis than rotational grazing.
Introduction
The ryegrass cultivar Marshall has improved cold tolerance and later maturity than 'Gulf' ryegrass, but is susceptible to crown rust ( Puccinia coronata [Pers.] Cda.), which can result in losses of late-season forage and seed production. Surrey, a relatively new selection out of Marshall with improved crown rust resistance, maintains Marshall's high forage and seed production and late maturity (Prine et al., 1989) . Surrey produced numerically the most forage in the cultivar yield trials (1987 to 1989) in Louisiana (Alison et al., 1991) . However, clipping yield trials do not necessarily predict how well the cultivar withstands grazing. Clipping yield trials most closely mimic a rotational grazing scheme, but most producers in Louisiana use continuous grazing schemes. There are a number of factors that affect how well a ryegrass withstands grazing. Some of these include rate of regrowth, earliness of maturity, palatability, and crown rust. It seems possible that an interaction between grazing management and ryegrass cultivar could exist. Therefore, these studies were designed to compare Marshall and Surrey ryegrass with continuous and rotational grazing.
Materials and Methods
Year 1. The study site was located on an Iberia silty clay loam (fine, montmorillonitic, thermic, Vertic Haplaquolls) soil that had previously been shaped to improve drainage. Ryegrass was sod-seeded with a grain drill into a clipped summer perennial grass sod on one 7.3-and three 8.1-ha pastures that had been previously divided into six paddocks of equal size (1.2 or 1.34 ha). Pastures were randomly allotted to a ryegrass cultivar by grazing treatment combination (Marshall-Continuous, Marshall-Rotational, SurreyContinuous, or Surrey-Rotational). Pastures were planted in their respective ryegrass cultivar at a rate of 33.6 kg/ha on November 12. Pastures were fertilized with liquid 30-0-0 containing 2% sulfur at 56 kg of N/ ha on December 12 and 84 kg of N/ha on March 6.
Ninety-three yearling steers (average initial BW 256 kg) were used and consisted of 63 Angus ( Bos taurus) , Brangus ( Bos taurus × Bos indicus) , and Angus × Brangus steers raised at the Iberia Research Station and 30 purchased English crossbred steers. Purchased steers were vaccinated against PI 3 , IBD, BVD, BRSV, Haemophilus somnus, and clostridium, given 2,000 mg of oxytetracycline, and treated for internal and external parasites with fenbendazole, clorsulon, and permethrin at time of purchase. In a similar manner, steers raised at the research station were vaccinated (no oxytetracycline) and treated for internal parasites (no clorsulon) at weaning (October 1). Steers were fed bermudagrass hay and a cornprotein supplement at a level to gain .23 to .68 kg/d for 2 to 3 mo before the trial. On February 7 all steers were weighed (full weights) and retreated for internal and external parasites with fenbendazole and permethrin. Steers were weighed, sorted, and put on pasture February 8. Due to limited steer numbers, only four of the six paddocks in each pasture were grazed by either 3 steers/ha (continuous, 4 steers/ paddock, 16 steers/pasture) or 6 steers/ha (rotational, 29 or 32 steers/pasture). Therefore the rotational groups were not replicated. The stocking rates were based on previous work done on cool-season annuals in Louisiana (Gates et al., 1987; Bagley et al., 1988) . Steers were weighed full on March 8, April 4, and April 19. The trial ended on April 19 (71 d ) due to a lack of grass in the Surrey-Rotational pasture.
In an attempt to maximize utilization of the forage, rotationally grazed steers were moved to the next paddock within a pasture when the canopy height was reduced to 2.5 to 5 cm. Canopy height was measured with a ruler in three randomly placed .09-m 2 areas by measuring to the top of the grass level (excessively long tips were ignored) at several places within the square. After the canopy height was measured, the .09-m 2 area was clipped to ground level, and the forage was oven dried at 55°C. The dried sample was weighed and forage mass was calculated. Canopy heights and forage mass were obtained each time the rotational steers were moved from both the paddock they were in (after grazing) and the paddock they moved into (before grazing). Additionally, on weigh days canopy heights and forage mass were measured in the continuously grazed paddocks. A regression equation was generated to predict forage mass from canopy height. The three samples clipped in a paddock were composited, ground (1-mm screen), and sent to the Forage Quality Laboratory at the Southeast Research Station, Franklinton, LA for quality analysis by near infrared reflectance spectroscopy (NIRSystems 6500, Perstrop, Silver Spring, MD). Calibration samples for a closed population were analyzed by wet chemistry for CP (Kjeldahl N × 6.25; AOAC, 1984 modified for automated analysis), NDF, ADF (Robertson and Van Soest, 1981) , and in vitro true DM digestibility ( IVTD) (Goering and Van Soest, 1970) .
Year 2. Pastures used in yr 1 were planted in the same manner as the previous year on October 25 and 28. Pastures were rerandomized and two pastures were planted in Surrey and two in Marshall. Within each pasture, three paddocks were randomly assigned to be continuously grazed and three to be rotationally grazed. Pastures were fertilized with 56 kg of N/ha on November 15 and 84 kg of N/ha on February 10 as liquid 30-0-0 containing 2% sulfur.
Sixty-two purchased crossbred and 72 Angus and Brangus steers raised at the Iberia Research Station were vaccinated and dewormed as in yr 1. All steers were dewormed again with ivermectin and horns were tipped shortly before the trial. On January 30, all steers (134 animals) were weighed full (average initial BW 241 kg). The next day steers were weighed full, sorted, and put on pasture. Stocking rate was maintained at 3 steers/ha ( 4 animals/paddock) for the continuous groups and was slightly reduced from yr 1 to 5.4 steers/ha (22 and 20 steers/group) for the rotational groups. During the trial, steers were weighed every 28 d (February 28, March 27, and April 24). The continuous groups on the 7.3-ha pasture needed 3.6 steers to satisfy the stocking rate requirements. Therefore, one steer in each of the three paddocks was designated as a put-and-take steer and was put on pasture for 17 d at the beginning of each 28-d grazing period. These steers were weighed after being removed from pasture. Intermediate weights of the put-and-take steers included only the 17 d on the pasture. Cumulative weights of the put-and-take steers included weight gained on a pasture planted (November 11) in Gulf ryegrass. Data from put-andtake steers were included in paddock means used in the statistical analyses. Steers were rotated and forage measurements and samples were taken as in yr 1. The trial ended on April 24 (84 d ) due to a forage shortage in one of the Marshall-Rotational group of paddocks.
Statistical Analyses. Data were analyzed by the General Linear Models procedure of SAS (1988) . The rotational steer groups were not replicated in yr 1, so they were not included in the statistical analysis of steer performance. The paddock was considered the experimental unit for steer performance and forage quality data. Therefore, steer performance in yr 1 was analyzed as a completely randomized design ( CRD) with replicate and cultivar as sources of variation in the model. Steer performance in yr 2 was analyzed as a CRD with a split plot treatment arrangement with the main plot of cultivar and a subplot of grazing Table 1 . Body weights and average daily gain of steers grazing Marshall (M) or Surrey (S) ryegrass continuously (C) or rotationally (R) in year 1 a Calculated from continuous grazing treatment data only. Table 2 . Body weights and average daily gain of steers grazing Marshall (M) or Surrey (S) ryegrass continuously (C) or rotationally (R) in year 2 a,b Least squares means within a row without a common superscript differ ( P < .10). management. Effects in the model included cultivar, pasture (cultivar), grazing management, cultivar × grazing management, and grazing management × pasture (cultivar). Cultivar was tested by the pasture (cultivar) term, and grazing management and cultivar × grazing management were tested with the grazing management × pasture (cultivar) term. Forage samples (canopy height, forage mass, and forage quality) and the number of days steers in a rotational group stayed on a paddock were separated into periods according to the prescribed weigh days. Forage sampling for the rotational groups was replicated in yr 1; thus, grazing management was included in the model to evaluate forage quality and forage mass. The grazing management effect compared the samples from the continuously grazed paddocks to the mean of the before and after grazing samples obtained from the rotationally grazed paddocks. In addition, forage analysis added the effects of paddocks, period, and their interactions into the model. When the forage samples from the rotational grazing treatments (before and after grazing samples) were analyzed, data from the continuously grazed paddocks were deleted, the grazing management effect was removed from the model, and the sample type (before and after grazing) and the appropriate interactions were included. When treatment means were different ( P < .10), least squares means were separated using the PDIFF option of the GLM procedure of SAS (1988) . Pearson partial correlations were done to check that canopy height and forage mass were significantly correlated. Then, a regression equation was generated, without an intercept, to predict forage mass from canopy height.
Results and Discussion
Crown rust infection was not observed in any of the paddocks in either year. Year 1 steer performance was not different ( P > .26) between the two cultivars when they were continuously grazed (Table 1) . In yr 2, the cultivar × grazing management interaction was nonsignificant for steer performance (Table 2 ). Gain in yr 2 was not different between the cultivars at any point during the grazing season ( P > .17). There was a tendency ( P = .18) for Marshall to produce greater gains during the last 28-d grazing period. Continuously grazed steers gained significantly better than rotationally grazed steers on a steer gain basis during the second ( P = .06) and third ( P = .07) periods and over the entire trial ( P = .03). In contrast, Bertelsen et al. (1993) and Nelson et al. (1989) found equal average daily gain among steers continuously grazed and those rotated either every 6 or every 3 d, even though stocking rate of the rotationally grazed groups was increased 42% in the Bertelsen et al. (1993) study and 35% in the Nelson et al. (1989) trial. The increase in stocking rate in our trial was 83%, which may have accounted for some of the differences. Because the stocking rate was almost doubled for the rotational grazing treatment, pasture gain was also calculated. Rotational grazing produced an average of 403 kg of gain/ha, whereas continuous grazing produced 301 ( P = .001). There were no differences between cultivars. The number of days that steers grazed a rotational paddock in yr 2 was greatly increased (12.6 vs 3.5 d ) compared to yr 1, partly due to fewer paddocks in the rotation ( 3 vs 4 ) and subsequent reduced stock density and slightly lower stocking rate, but also because of better environmental conditions. The spring of yr 1 was extremely wet (almost 685 mm of precipitation by April 19) and cloudy, and the ryegrass in all pastures appeared N-deficient for the entire season. Olson et al. (1989) (Table 3) , whereas, in general, fiber levels (Table 4 ) were increased and IVTD content (Table 5 ) was decreased in the samples taken after grazing. Movement of steers off a rotationally grazed paddock in this trial was based on canopy height with the aim of maximizing forage utilization. This concept is different from other research in which animals have been rotated according to the number of days on a pasture. Moving animals according to the number of days they have been on a paddock does not take into account the curvilinear pattern of grass growth, and forage use cannot be maximized, but this type of grazing management can allow for maximum animal growth, which may take precedence over forage use.
Typical management for rotationally grazed perennial grass pastures is to allow the previously grazed pasture 30 d of rest. Rotationally grazed paddocks were rested an average of 14 d in yr 1; however, this did not seem to affect steer gains, which seemed to be similar to gains in yr 2, when pastures were rested an average of 25 d. Because ryegrass is an annual, growth for the next year does not need to be protected, as with perennials.
Crude protein was not different between the cultivars ( P > .65) (Table 6) , and although the mean Table 5 . In vitro true digestibility (% of DM) of forage during the grazing season in years 1 and 2 a Within a forage cultivar and a row, continuous values are different ( P < .10) from the mean of the rotational values. b,c Within a forage cultivar and a row, values without a common superscript differ ( P < .10). Table 7 . Average canopy height, measured in centimeters, of forage during the grazing season in years 1 and 2
a Within a forage cultivar and a row, continuous values are different ( P < .10) from the mean of the rotational values. b,c Within a forage cultivar and a row, values within a common superscript differ ( P < .10). CP from the continuously grazed paddocks was lower ( P = .02; Table 6 ) than from the rotationally grazed paddocks in yr 2 (13.1 vs 14.6%), most of this difference occurred during the first grazing period (Table 3) . There was no difference in CP between the sample taken before and after grazing from the rotational paddocks. Bertelsen et al. (1993) also found lower CP for continuously grazed paddocks compared with rotationally grazed ones, but found that samples taken after grazing had less CP than samples collected before grazing on the rotationally grazed paddocks of pastures consisting predominately of alfalfa ( Medicago sativa L.) and tall fescue ( Festuca arundinacea Schreb.). In the second grazing period of yr 1, CP increased dramatically due to N fertilization 2 d before the start of the period. This increase was only noticed for the continuously grazed paddocks in yr 2 because the pastures were fertilized in the middle of the first grazing period. Average level of CP in both years was high enough to allow .9 to 1.1 kg/d of gain for a 275-to 325-kg steer (NRC, 1984) . Neutral detergent fiber (Table 4 ) also showed no difference between the cultivars ( P > .45; Table 6 ), and overall there was a significantly higher level of NDF in the rotationally grazed paddocks than in continuously grazed paddocks, most of which occurred during the first grazing period (Table 4) . The samples collected after grazing were generally higher in NDF than those obtained before grazing. As would be expected, results from the ADF analysis paralleled those from the NDF analysis (data not shown). In contrast to these results, Bertelsen et al. (1993) found NDF and ADF to be lower in rotationally grazed paddocks. In vitro true DM digestibility was similar for the two cultivars ( P > .64) and was significantly higher ( P < .008) in the continuously grazed paddocks (Table 6 ), again primarily due to the first grazing period (Table 5) . Forage samples obtained after grazing were numerically or significantly lower in IVTD than samples before grazing. Canopy height and forage mass information is contained in Tables 7 and 8 . There was a tendency for Surrey to produce less forage in yr 1 ( P = .12), but not in yr 2 ( P = .27) ( Table 6 ). The objective of rotating steers out of a paddock when the canopy height was reduced to 2.5 to 5 cm was not achieved in yr 2, mainly due to one pasture that had a moderate infestation of little barley ( Hordeum pusillum Nutt.), which the steers did not readily consume. The random sampling made no allowances for spotty grazing other than for obvious large manure spots. If the stocking density had been higher the steers would have been forced to graze in a more uniform pattern. As would be expected, continuous grazing allowed for greater canopy height and forage mass than rotational grazing. These measurements were also greater before the steers moved onto a rotationally grazed paddock. Forage mass on the rotational paddocks during yr 1 probably limited intake and in turn limited steer performance. The level at which forage mass started to limit intake was found to be around 1,100 kg/ha for wheat forage (McCollum et al., 1992) . Intake of cattle and sheep on various forages was indicated to be maximum at a forage mass of 2,250 kg/ha and was about 60% of maximum at 450 kg/ha (NRC, 1987) . In addition, Mott (1984) found animal performance was optimum when forage mass was 1,200 to 1,600 kg/ha. Canopy height was significantly correlated with forage mass in yr 1 ( r = .89, P < .001) and in yr 2 ( r = .79, P < .001). The regression equation ( R 2 = .91) generated to predict forage mass in kilograms/hectare from canopy height in centimeters was forage mass = 132.6 canopy height − 1.05 canopy height 2 , with a SE of 3.27 for the canopy height coefficient and .13 for the canopy height 2 coefficient. Using this equation, a 5-cm canopy height would equal 690 kg DM/ha, at 10 cm there would be 1,220 kg/ha, and at 20 cm there would be 2,230 kg/ha. Therefore, grazing a canopy height of 10 cm should result in maximum animal performance (Mott, 1984) and at a canopy height of 20 cm forage intake would be maximized (NRC, 1987) .
Implications
Both Marshall and Surrey ryegrass performed well under grazing, and quality of the two cultivars was equal. While continuously grazed cattle gained faster than rotationally grazed steers, the rotationally grazed steers produced more total pounds of beef per unit of land grazed. Reducing the forage canopy height to 2.5 to 5 cm did not allow the rotational groups of steers to gain at maximum levels. Stocker cattle should gain as fast as possible to make the most advantage of inexpensive gains from grass. 
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